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ABSTRACT- Vegetative structure is an essential component of ecological diversity. It is often a primary
concern for wildlife when determining the suitability of a site for breeding. Structural heterogeneity
across a landscape is an important component for insuring a diversity of both habitats and wildlife.
Because of the difficulty to adequately assess vegetative structure needs, traditional forest management
has focused on the development of specific forest types and age classes with the structure of vegetation
often being a secondary concern. Commonly, wildlife management has centered on single species
approaches for determining vegetative structural needs, with little consideration of multiple species
requirements and interactions at the landscape level. To estimate the various structural class
requirements needed by wildlife, we developed a model which categorized multiple bird species by
structural classes and elevations used for breeding in Western North Carolina. Using a two method
approach, considering both the complete overlap of territories and no overlap of territories, we provide
an overview of the proportion of various structural classes ranging from early seral herbaceous areas to
closed-canopy forests needed to maximize evenness and promote diversity among multiple bird species.
Although the results describe a theoretical forest where bird species evenness is maximized, we believe
they allow forest managers to examine trade-offs and implications for various management decisions.

INTRODUCTION

Ecological diversity is an essential aspect of stable and resilient ecosystems (MacArthur, 1955;
Thompson, 2009). Two primary measures of ecological diversity are species richness and evenness
(Magurran, 1988). Areas of increased wildlife diversity often correspond to areas of increased ecological
diversity (Yarrow, 2009). While wildlife often associate to specific forest types and compositions, the
overall structure of the vegetation influences the richness and evenness of species. This is particularly
true for many bird species (Bakermans, 2012; Urban, 1989). Although many birds have structural
requirements that differ throughout various stages of their life history, and migratory bird species are
impacted by habitat quality on both their summer and winter grounds; ensuring that the structural
requirements of birds are met during the breeding season is of particular importance for management
and species conservation (Cody, 1981; DeGraaf, 1998; Rappole, 1994; Stoleson, 2013). Therefore, if a



diversity of structural classes are provided at proportions that promote evenness among birds
throughout the breeding season, it can be expected that the ability of birds to find suitable nesting sites
to perpetuate and persist across a given landscape would be improved.

One challenge of managing forested landscapes for wildlife is determining, at what proportions should
vegetative structural classes be made available to provide suitable habitat for wildlife? Furthermore,
multi-species management is a current and pressing wildlife conservation issue that is important to
address under the goal of improving ecological diversity (Lambeck, 1997). To address this issue, we
developed a model which categorized bird species by structural classes and elevations used for breeding
with specific consideration given to an approximate breeding territory size. The results provide an
overview of the proportion of various structural classes ranging from early seral herbaceous areas to
closed-canopy forests needed to maximize evenness and enhance diversity between the various bird
species included in the model.

CONCEPT

We constructed the model by compiling approximate breeding territories and structural habitat
requirements of regionally specific bird species to derive a generic composition of 7 structural classes
across 7 separate elevation bands. Using two different approaches, we produced a range of proportions
for each structural class in which species evenness would be maximized. Because of the difficulty to
accurately measure and explain the degree of breeding territory overlap between conspecifics and other
species, two approaches to the model were used to capture the infinite possibilities to which the
overlap of breeding territories might occur. The first approach assumes there is no overlap of breeding
territory among species within a given structural class, while the second approach assumes there is
complete overlap of breeding territory among species within a given structural class. The ranges
resulting from these two approaches provide not a definitive minimum or maximum, but rather an
upper and lower parameter by which an actual proportion is likely to occur.

METHODS

A “matrix” of 80 breeding bird species specific to the southern Appalachians and known to breed on the
Nantahala and Pisgah National Forests was compiled and grouped according to an over-story and
understory structural requirement during breeding. An approximate breeding territory for each species
was then determined using referenced material gathered from the Birds of North America online species
list serve. When regionally specific data on breeding territory size was available for a species, those
territory sizes were used. When several studies were cited and there were multiple references to
breeding territory size, then an average was used. In some instances, where species had unreferenced
or no information on a definitive breeding territory size, approximate breeding territories were derived
using nesting density information. To maintain a more standardized relationship and the comparability
of approximate breeding territories among species, the matrix of species included orders such as
Passeriformes, Galliformes, Caprimulgiformes, Cuculiformes, and Piciformes. We excluded from the
matrix, Falconiformes and Strigiformes as many of these species select breeding territories
indiscriminately of structure. Often selecting territories based on specific species compositions or the



availability of highly specific nesting locations (ex. American crow seek out conifers for nesting, or
Peregrine Falcons require cliffs and outcrops). While some species of these orders do select breeding
territories based on structure, it was determined that including some and excluding others, might
present bias towards some structure classes. Although species from these orders are critical for
conservation efforts, increased avian diversity, and are important for maintaining ecological processes, a
similar approach to this model maybe used to look at habitat and structural needs of these orders
separately and then in comparison to the results derived here.

For the purposes of this exercise, we also determined that shorebirds as well as grassland and wetland
obligate species would not be included in the matrix. This is due to the context of the area we chose to
consider with the model (The Nantahala and Pisgah National Forests; located in the eastern deciduous
forests of the Appalachian mountains of North Carolina). Because we are applying the model, in this
context, to a large forested matrix, including those species which require shoreline, wetlands, or large
open “grasslands”, such as the grasshopper sparrow, or did not seem applicable. However, species
which used grassland or early seral herbaceous structures for at least part of their breeding territory, or
could readily use other structural classes for breeding were considered within the model.

Each of the 80 bird species included in the matrix were grouped by an appropriate elevation band used
during breeding (“Elevation” column, Appendix I). Groupings of elevation and structural classes were
based on scientific literature (see references) and expert biological opinion (K. Weeks; Wildlife Diversity
Supervisor (NCWRC), C. Kelly; Wildlife Diversity Biologist (NCWRC), G. Peters; Wildlife Biologist (NWTF),
C. Smalling; Director of Land Bird Conservation (Audubon NC)). Seven over-story structural classes were
used to describe the structure requirements of the birds included in the matrix. These ranged from
early seral herbaceous (herb) to forest (Table 1). Elevation bands considered within the model included:
<2500, 2500-3000, 3000-3500, 3500-4000, 4000-4500, 4500-5000, and >5000 (feet). Forested
structures described within the model (Savanna, Open Woodland, Woodland, and Forest) were further
broken down into two understory structural types; “open” or “dense” (Table 1). Structural classes were
also compiled into three groups (Structural Group, Table 1). These groups represent a more generic
description of forest structure and helped to classify results of the model. The Open structural group
consists of herb, shrub, and woody structural classes. The Moderate structural group consists of
Savanna and Open Woodland structural classes, and the Closed group consists of Woodland and Forest
structural classes (Table 1).

Table 1: Description of the 7 Structural Classes used in the model as classified by % Canopy Cover, Understory Type, and
Structural Group.

Structural Woody Savanna
Class

% Canopy <5% <5% <5% 5- 30% 30- 60% 60- 80% >80%
Cover
Un(_ir?,:)s;ory Open/Dense | Open/Dense | Open/Dense | Open/Dense
Structural Open Moderate Closed
Group




Structural associations by birds used in the matrix varied greatly (“Structure” column, Appendix I). For
some species, it was determined that they breed in only one structural type (e.g. White-eyed vireo in
the woody class, or Louisiana waterthrush in the forest class) while others were determined to use two
structural classes for breeding. For these species, we separated the structural classes with a comma as
identified in the “Structure” column of Appendix |. In cases where species used more than two
structural classes for breeding, structural classes were separated with a dash in the “Structure” column
of Appendix I. The “# of Structures” column” in Appendix |, refers to the number of structural classes
used for breeding by each species. For example, the Golden-winged warbler (GWWA) uses structures
from herb- savannah. The range of structural requirements from herb- savannah includes 4 structural
classes (herb, shrub, woody, and savanna).

Because many species use multiple structural classes for breeding, we developed a “Territory
Proportion” (TP) variable (“Territory Proportion” column, Appendix ). TP is simply the approximate
breeding territory size of each species divided by the number of structural classes used for breeding by
each species (“# of Structures” column, Appendix |). By determining a TP, we are able to equally
distribute the approximate breeding territory of a single species to multiple structural classes while still
considering each bird species and their total approximate breeding territory size within the model only
once. This further standardizes the model and allows equal consideration of breeding territories among
all species. For example, Indigo Bunting (INBU) uses 4 structural classes for breeding: Herb, Shrub,
Woody, and Savanna. Therefore, their approximate breeding territory size of 3.5 acres is divided by 4 (#
of structures) to derive a TP = 0.88 acres. This amount is then distributed evenly among all 4 structural
classes INBU use for breeding. It should be noted that, this method assumes that bird species which
use, or can use, multiple structural classes for breeding, do so without preference towards any one
particular structural class.

Upon determining an approximate breeding territory size and calculating a Territory Proportion, we ran
the model using two approaches to determine proportions for each structural class across all 7 elevation
bands. Because overlap of breeding territories between conspecifics and other species occurs,
developing a method of capturing territory overlap was critically important for correctly assessing what
proportions of each structure are needed to adequately supply each species with sufficient amounts of
each structure class. As breeding territories are highly variable; two approaches were needed to
adequately address how those infinite possibilities of territory overlap might occur. These two
approaches are termed the No- Overlap Approach and the Total Overlap Approach and represent two
ends of a spectrum. The No-Overlap approach represents the upper limit of an area that would be
needed for all species to occupy a specific structural class, while the Total Overlap approach represents
the lower limit of an area that would be needed. While the areas each approach provide are likely to be
the extremes of what is needed for birds to find sufficient space for breeding territories, this
methodology assumes that the actual degree to which overlap occurs, is captured somewhere between
the two approaches (Figure I). Both approaches are described as follows.



Figure I Diagram of breeding territory overlap between differing species as represented by different colored rings. The No-
Overlap of Territory shows an example of what breeding territories might look like if there were no overlap of territories between
different species using the same structure class. Total Overlap of Territory shows an example of what breeding territories of
different species using the same structure class would look like if all species territories occurred within the largest breeding
territory. Actual Overlap of Territory shows two examples of the degree of overlap that is more likely to occur in nature and
occupy a combined area less than that of the No-Overlap and more than that of the Total Overlap.
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No Overlap of Territory Total Overlap of Territory Actual Overlap of Territory

No- Overlap Approach

The “No- Overlap Approach” assumes that there is entirely no overlap between breeding territories
among all bird species within a given structural class. This approach operates under the assumption that
each species within a structural class occupies an exclusive breeding territory (does not share territory
between species). To begin, we first assigned species to the appropriate elevation band or bands which
they used for breeding. Within each elevation band, we listed the Territory Proportion (TP) for each
species under the appropriate structural class each used for breeding (Table 2). If a species used
multiple structural classes, then their TP was assigned to each of the structural classes used. For
example, 62 species from the matrix are known to occur within the 3000-3500 foot elevation band
(Table 2). Cerulean Warblers (CERW) have a breeding association to three structural classes that have
an open understory (Open Woodland, Woodland, and Forest). Therefore, it's TP of 0.37 acres is
assigned to each of the three structural classes as highlighted in red in Table 2. After assigning the TP
for each species to their appropriate structural class, the sum of all TP’s for each structural class
(Structure Total, highlighted in blue in Table 2) and a Total Territory (highlighted in green in Table 2) was
calculated (Note: Total Territory equals the sum of Structure Totals).

We then calculated a structural proportion for each structural class by taking the Structure Total for
each class and dividing it by the Total Territory. Table 2 illustrates an example for the 3000-3500 foot
elevation band. The Total Territory for this band equals 259.9 acres (highlighted in green). For the Open
Woodland/ Open structural class, the sum of all TP equals 35.71 acres. Dividing the Total Territory
amount of 259.9 acres by 35.71 acres yields a structural percentage of 13.74% (highlighted in yellow).
Using this approach we are able to derive a percentage for each structural class. Therefore, the
structural percentage (Structural %, Table 2) is the percent of each structural class that should be
present in a forest in order to maximize bird evenness and promote structural and species diversity
given there is no overlap of territories (Table 2).



Table 2: Example of No Overlap Approach- Listed is Territory Portions (TP, acres) for birds using various structure
classes at the 3000-3500 foot elevation band for breeding. Red boxes highlight the TP (0.37 acres) of Cerulean Warbler
(CERW) distributed across the 3 structural types it uses for breeding. The Structure Total for each structural class is highlighted
in blue and the Total Territory (sum of Structure Totals) is highlighted in green. The percent of forest (Structural %) in open
woodlands with an open understory should be 13.74% to maximize bird species evenness and structural diversity for birds based
on the No-Overlap Approach (highlighted in yellow).

3000-3500 Elevation Band

Structure woody |sav-0° | sav-d® | ow- 0
Class?®
0.95 0.95 0.05 2.60 0.05 1.00 0.05 0.04 0.30 0.04 0.30
2.60 0.05 0.68 0.15 0.63 2.52 0.75 0.20 0.26 0.55 0.26
0.15 0.68 0.90 0.68 0.67 0.04 0.30 0.55 0.24 0.55 0.24
0.05 0.90 0.88 0.90 0.83 0.20 0.57 0.55 0.43 0.37 0.43
0.68 0.88 1.00 0.88 1.27 0.55 0.63 2.95 1.63 4.07 1.63
0.90 1.00 2.52 1.00 0.05 0.55 0.03 0.37 0.63 0.87 0.63
0.88 2.52 0.04 2.52 0.75 8.20 0.13 4.07 2.70 0.57 2.70
1.00 0.04 0.25 0.04 0.30 2.95 2.50 0.87 0.90 3.53 0.90
2.52 0.25 0.63 0.20 1.25 0.37 0.33 0.57 2.80 10.30 2.80
0.04 0.63 0.67 0.55 0.57 4.07 0.26 3.53 3.90 1.25 3.90
0.67 0.83 0.55 0.63 0.87 0.24 10.30 3.70 1.40 3.70
0.83 1.27 0.03 0.57 0.43 1.25 4.80 3.00
1.27 0.05 0.13 3.53 1.63 1.40 4.80 2.70
0.05 0.75 2.50 10.30 0.63 4.80 7.40 6.20
0.75 0.30 0.33 2.10 1.50
0.30 2.60 0.26 12.60 7.80
1.25 0.24 1.00
0.57 5.90
0.63 4.30
0.03
0.13
2.50
0.33
0.20
0.26
0.24
Structure Class woody | sav-o | sav-d | ow-o0 Total Territory ©
Structure Total¢l 9.76 | 11.76 | 19.56 | 10.06 | 10.50 | 35.71 | 850 | 31.44 | 17.50 | 55.19 | 49.90 259.90
Structural %° | 3.76% | 4.53% | 7.53% | 3.87% | 4.04% 13.74% 3.27% | 12.10% | 6.73% | 21.24% | 19.20% 100%

a
sav-0= savanna-open; sav-d= savanna-dense; ow-0= open woodland-open; ow-d= open woodland-dense; w-o= woodland-open; w-d= woodland-dense; f-o= forest-open; f-d= forest-dense

b o=open understory; d=dense understory

€ Structure Total = Sum of all Territory Proportions for each structural class (Acres)

d Structural % = Percent of Total Territory in each structural class

€ Total Territory = Sum of all Structure Totals and also sum of Approximate Breeding Territories for all species within the 3000-3500 foot elevation band (acres)

Total Overlap Approach

The Total Overlap Approach assumes that there is complete overlap between breeding territories

among all bird species within a given structural class. This approach operates under the assumption that




each species using a specific structural class occupies an inclusive breeding territory within the breeding
territory of the species with the largest approximate breeding territory. For each structural class, only
the species with the largest approximate breeding territory was used to represent the structural
requirements for all other species associated to the structural class.

Because some bird species are obligated to more than one structural class for breeding, a method had
to be established for comparing birds that do and those that could have their breeding territory in
different structural classes. For example, Golden-winged warblers only breed in areas where multiple
structural classes are present (herbaceous, shrub, woody, and savanna). Within their approximate
breeding territory of 5 acres, some portion of each structural class must be present. Conversely, species
such as the American redstart can breed in structures ranging from woody to closed canopy forest, with
their entire breeding territory consisting of one type or the other. This difference in breeding territory
preferences makes it difficult to compare and determine which species occupy the largest approximate
breeding territory in each structural class.

To account for this difference in the model, we categorized each species as either an “and” or an “or”.
Species such as the Golden-winged warbler, as described above, were categorized as an “and” species,
while species such as the American redstart were categorized as an “or” species. This determination
was made by expert opinion and biological information, and is key to selecting the correct territory
figure to use for determining the largest approximate breeding territory for a particular structural class
(see Appendix 1).

In each structural class, the Territory Proportion of “and” species was compared to the approximate
breeding territory of “or” species. The largest area, whether it was a Territory Proportion or an
approximate breeding territory, was selected for each structural class as the representative “largest
territory”. For example, within the 4500-5000 foot elevation band there are five species categorized as
using the Savanna- Open structural class (Table 3). These include; Golden-winged warbler (GWWA),
Indigo bunting (INBU), American woodcock (AMWO), Ruby-throated hummingbird (RTHU), and Eastern
phoebe (EAPH). Both the GWWA and AMWO are classified as “and” species, while INBU, RTHU, and
EAPH are classified as “or” species. To determine the largest territory within this structural class, the
Territory Proportion of GWWA and AMWO (highlighted in green, Table 3) would be compared to the
approximate breeding territory of INBU, RTHU, and EAPH (highlighted in yellow, Table 3). Although both
the GWWA and AMWO have larger approximate breeding territories, in this instance, the largest
territory to be used in the model is INBU with an approximate breeding territory of 3.5 acres (in bold
red, Table 3). This is derived from the approximate breeding territory of INBU being larger than the
Territory Proportion of either the GWWA or AMWO (Table 3).

Because GWWA, AMWO, and other “and” species must have breeding territories comprised of multiple
structural types, considering their entire breeding territory within only one structural type was deemed
inappropriate as it would never occur as such. Therefore, to determine the largest breeding territory for
each structural class, “and” species had their Territory Proportion considered while “or” species had
their entire approximate breeding territory considered.



Table 3: Matrix Summary of Species Occupying the Savanna- Open Structural Class at the 4500-5000
Foot Elevation Band- Listed is an example of the matrix table showing process for selecting species with the “largest
territory” for each structure class. Green boxes highlighted show the Territory Proportion of “And” species compared to the
Approximate Breeding Territory of “Or” species highlighted in yellow. The Approximate Breeding Territory value of 3.5 acres for
INBU is selected (highlighted in red) as the species representing the Savanna-Open structural class at the 4500-5000 foot
elevation band with the “largest territory”.

Approx.

Territ
Elevation # of Understory Breeding erritory

Proportion
(acres)

Speci Struct Cl
pecies (feet) ructure Class Structures Type Territory

(acres)

Golden-Winged | -\ \va | 52500- <5000 Grass-Savanna 4 Open 3.6 And 0.90
Warbler
Indigo Bunting INBU <5000 Grass-Savanna 4 Open 3.5 Or 0.88
American Grass-Open
Woodcock AMWO NA Woodland 5 Open ‘ 5 ‘ And 1.00
Ruby-throated | -y, <5000 Herb-Open Woodland 5 Open 03 or 0.04
Hummingbird
Eastern Phoebe EAPH NA Woody- Woodland 4 Open 0.8 Or 0.20

Once the largest territory for each structural class was determined, the sum of all largest territories
(Total Territory- Table 4) was then divided by the largest territory for each structural class to derive a
proportion. Table 4 illustrates an example for the 4500-5000 foot elevation band. In this example, the
largest territory for each structural class is highlighted in red. Taking the sum of all largest territories for
this elevation band equates to a Total Territory of 133.2 acres (highlighted in green). In looking at the
Woodland/ Dense structural class, we see that the largest territory is the Dark-eyed junco (DEJU) with an
Approximate Breeding Territory of 5.2 acres. Dividing 5.2 acres by the Total Territory amount of 133.2
acres yields a structural percentage of 3.9% (highlighted in yellow). Using this approach we are able to
derive a percentage for each structure type which considers there to be complete overlap of breeding
territories between all species in a structural class. The structural percentage therefore is the percent of
each structural type that should be present in a forest in order to maximize bird evenness given there is
total overlap of territories (Table 4).



Table 4: Example of Total Overlap Approach- Listed is the Territory Portion (TP, acres) of “And” species, or the

Approximate Breeding Territory (acres) of “Or” species for all structural classes within the 4000-4500 foot elevation band. For
each structural class, only the largest territory was selected (highlighted in red). A blue box highlights the largest territory of 5.2
acres (Dark-eyed Junco) from the Open Woodland- Dense structural class. Sum of all Largest Territories is highlighted in green

(Total Territory), and the Structural Percent of the largest territory for the Open Woodland- Dense structural class is 3.9% as
highlighted in yellow.

4500-5000 Elevation Band

Class? woody | sav-ob | sav-d® | ow- oP

0.95 0.95 0.9 0.9 0.2 1.0 1.8 0.8 1.8 1.7 1.8
0.9 0.9 3.5 3.5 1.9 0.3 0.5 1.7 2.9 1.9 2.9
3.5 3.5 1.0 1.0 2.0 0.8 1.9 10.6 1.2 10.6 1.2
1.0 1.0 0.3 0.3 0.2 8.2 .04 30.9 4.9 30.9 4.9
0.3 0.3 0.2 0.2 1.8 1.7 2.5 7.7 5.2 7.7 5.2
0.2 1.9 2.5 10.6 2.9 2.8 1.9 54 1.9
1.9 2.0 0.5 30.9 1.2 9.6 54 7.8 5.4
2.0 0.2 1.9 49 7.8 2.8 7.8
0.2 1.8 0.4 5.2 2.7
1.8 2.5 2.5 1.9 6.2
0.5 2.9 1.5
1.9 1.2 0.6
0.4 10.6

2.5

0.8

2.9

1.2

J woody | sav-o | sav-d | ow-o Tc?tal .
Territory
Largest
Territory € 3.5 3.5 3.5 3.5 2.9 30.9 5.2 30.9 7.8 30.9 10.6 133.2
Str“;td”ra' 263% | 263% | 2.63% | 2.63% | 2.18% | 23.20% 3.90%  23.20% | 5.86% | 23.20% | 7.96% 100%

a
sav-0= savanna-open; sav-d= savanna-dense; ow-0= open woodland-open; ow-d= open woodland-dense; w-o= woodland-open; w-d= woodland-dense; f-o= forest-open; f-d= forest-dense

b o=open understory; d=dense understory

¢ Largest Territory = Largest approximate breeding territory of any species using each structural class (Acres)

d Structural % = Percent of Total Territory in each structural class

€ Total Territory = Sum of all Structure Totals and also sum of Approximate Breeding Territories for all species within the 3000-3500 foot elevation band (acres)




RESULTS

Results of the model are listed below by elevation band (Table 5: A-G). Structural percentages using
both approaches are presented as a range, as well as an average. Average proportions for each
structure class by elevational band are presented in Table 6. To further categorize and describe results,
we grouped the 11 structural classes into 3 broad, structural groups based on canopy cover (Table 6).
These included the Open, Moderate, and Closed groups. Results from these groups are presented as an
average.

Table 5: Summary of results by elevation bands modeled (A-G)

A.) <2500 Feet

ab Total
Structure - woody | sav-o sav-d ow- 0 Territory®
No Overlap g 13.46 18.35 23.71 22.14 7.43 46.92 4.99 31.68 13.49 35.43 43.99 261.60
% © 5.15% 7.02% 9.07% 8.46% 2.84% | 17.94% | 191% | 12.11% | 5.16% | 13.54% | 16.82% 100%
Total Overlap G 5.2 9.1 9.1 7.6 3.80 30.9 4.90 30.90 7.8 30.90 8.50 148.7
%8 3.50% 6.12% 6.12% 5.11% 2.56% | 20.78% | 3.30% | 20.78% | 5.25% | 20.78% | 5.72% 100%
Range L 3-6% 6-8% 6-10% 5-9% 2-3% 17-21% 1-4% 12-21% 5-6% 13-21% | 5-17%
Approx Average i 4.32% 6.57% 7.59% 6.79% 2.70% | 19.36% | 2.60% | 16.44% | 5.20% | 17.16% | 11.27% 100%
Groupj _ Moderate
Group Range 15-24% 25-37% 35-65%
Group Average ' 18.5% 31.4% 50.1%
B.) 2500- 3000 Feet
Territory
No Overlap € 14.36 14.70 22.70 16.34 10.06 40.59 8.06 30.04 16.63 33.79 53.33 260.60
% © 5.51% | 5.64% 8.71% 6.27% | 3.86% | 15.57% | 3.09% 11.53% | 6.38% | 12.97% 20.46% 100%
Total Overlap U 5.2 3.8 3.8 5.2 3.8 30.9 4.90 30.90 7.8 30.90 8.50 135.70
%8 3.83% | 2.80% 2.80% 3.83% 2.80% 22.77% 3.61% 22.77% 5.75% 22.77% 6.26% 100%
Range b 4-6% 2-6% 2-9% 3-7% 2-4% 15-23% 3-4% 11-23% 5-7% 12-23% 6-21%
Approx Average i 4.67% | 4.22% 5.76% 5.05% | 3.33% 19.17% 3.35% 17.15% | 6.06% 17.87% 13.36% 100%
Groupj _ Moderate
Group Range 7-21% 23-38% 34-74%
Group Average ' 14.6% 30.9% 54.4%




C.) 3000- 3500- Feet

Structure ®® - woody | sav-o sav-d ow- o To,tal c
Territory
No Overlap g 9.76 11.76 19.56 10.06 10.50 35.71 8.50 31.44 17.50 55.19 49.90 259.90
% ¢ 3.76% 4.53% 7.53% 3.87% 4.04% | 13.74% | 3.27% | 12.10% | 6.73% | 21.24% | 19.20% 100%
Total Overlap b 5.2 3.8 3.8 5.2 3.80 30.9 4.90 30.90 7.8 30.90 7.80 135
%8 3.85% 2.81% 2.81% 3.85% 2.81% | 22.89% | 3.63% | 22.89% | 5.78% | 22.89% | 5.78% 100%
Range h 3-4% 2-5% 2-8% 3-4% 2-5% 13-23% 3-4% 12-23% 5-7% 21-23% | 5-20%
Approx Average i 3.80% 3.67% 5.17% 3.86% 3.43% | 18.31% | 3.45% | 17.49% | 6.26% | 22.06% | 12.49% 100%
Groupj g Moderate
Group Range 7-17% 21-36% 43-73%
Approx Group Ave ' 12.6% 29.1% 58.3%
D.) 3500- 4000 Feet
Structure *° - woody | sav-o sav-d ow- 0 T?tal c
Territory
No Overlap g 6.57 7.73 13.35 6.32 10.08 32.64 10.65 37.34 13.31 63.79 34.21 236.00
%© 2.78% 3.28% 5.66% 2.68% 4.27% 13.83% 4.51% 15.82% 5.64% 27.03% | 14.50% 100%
Total Overlap G 5.2 3.8 3.8 5.2 3.8 30.9 5.2 30.9 7.8 30.9 7.8 135.3
%8 3.84% 2.81% 2.81% 3.84% 2.81% 22.84% 3.84% 22.84% 5.76% 22.84% 5.76% 100%
Range L 2-4% 2-4% 2-6% 2-4% 2-5% 13-23% 3-5% 15-23% 5-6% 22-28% 5-15%
Approx Average i 3.31% 3.04% 4.23% 3.26% 3.54% | 18.33% | 4.18% 19.33% | 5.70% | 24.93% | 10.13% 100%
Groupj _I Moderate
Group Range ¥ 6-14% 20-37% 47-72%
Approx Group Ave ' 10.6% 29.3% 60.1%
E.) 4000- 4500 Feet
Territory
No Overlap € 3.97 6.22 11.23 3.72 8.21 32.28 10.05 36.98 12.41 58.63 24.41 208.10 |
% © 1.91% 2.99% 5.40% 1.79% 3.95% 15.51% 4.83% 17.77% | 5.97% | 28.17% 11.73% 100%
Total Overlap G 3.5 3.5 3.5 3.5 3.00 30.9 5.20 30.90 7.8 30.90 7.80 130.5
%8 2.68% 2.68% 2.68% 2.68% 2.30% 23.68% 3.98% 23.68% 5.98% | 23.68% 5.98% 100%
Range h 1-3% 2-3% 2-6% 1-3% 2-4% 15-24% 3-5% 17-24% 5-6% 23-29% 5-12%
Approx Average i 2.29% 2.83% 4.04% 2.23% 3.12% 19.59% 4.41% 20.72% 5.97% | 25.93% 8.85% 100%
Groupj _I Moderate
Group Range X 5-12% 21-36% 50-71%
Approx Group Ave' 9.2% 29.4% 61.5%




F.) 4500- 5000 Feet

Total
No Overlap € 7.02 8.67 10.22 3.02 7.20 23.84 9.04 28.54 12.15 51.04 33.75 194.50 |
% ¢ 3.61% 4.46% 5.26% 1.55% 3.70% | 12.26% | 4.65% | 14.67% | 6.25% | 26.24% | 17.35% 100%
Total Overlapf 3.5 3.5 3.5 3.5 2.9 30.9 5.2 30.9 7.8 30.9 10.6 133.2
%8 2.63% 2.63% 2.63% 2.63% 2.18% | 23.20% | 3.90% | 23.20% | 5.86% | 23.20% | 7.96% 100%
Range h 2-4% 2-5% 2-6% 1-3% 2-4% 12-24% 3-5% 14-24% 5-7% 23-27% | 7-18%
Approx Average i 3.12% 3.54% 3.94% 2.09% 2.94% | 17.73% | 4.28% | 18.94% | 6.05% | 24.72% | 12.66% 100%
Groupj ; Moderate
Group Range 6-15% 18-36% 49-76%
Approx Group Ave : 10.6% 27.0% 62.4%

G.) >5000 Feet

Structure ? - woody | sav-o sav-d ow- 0 T?tal b
Territory
No Overlap® 5.15 6.80 8.35 1.20 7.15 1.20 7.40 9.30 3.92 31.80 25.52 107.80
%4 4.78% 6.31% 7.75% 1.11% 6.64% 1.11% 6.87% 8.63% 3.64% 29.50% | 23.67% 100%
Total Overlap © 3.2 3.2 2.9 1.0 2.9 1.0 5.2 7.7 5.2 12.6 10.6 55.5
%f 5.77% 5.77% 5.23% 1.80% 5.23% 1.80% 9.37% | 13.87% | 9.37% | 22.70% | 19.10% 100%
Range ® 4-6% 5-7% 5-8% 1-2% 5-7% 1-2% 6-10% 8-14% 3-10% | 22-30% | 19-24%
Approx Average h 5.27% 6.04% 6.49% 1.46% 5.93% 1.46% 8.12% | 11.25% | 6.50% | 26.10% | 21.39% 100%
Group : _I Moderate
Group Range! 14-21% 13-21% 52-78%
Approx Group Ave X 17.8% 17.0% 65.2%

@ sav-0=savannah-open; sav-d=savannah-dense; ow-o=open woodland-open; open woodland-dense; w-o=woodland-open; w-d=woodland-dense; f-o=forest-
open,; f-d=forest-dense

b Total Territorty is sum of all territories from each structure class using both the No-Overlap Approach and Total Overlap Approach

© No- Overlap is the Structure Totals (the sum of all territory proportions) for each of the corresponding structure classes

d Proportion of each Structure Total divided by the Territory Total

€ Total Overlap is the Largest Territory (largest approximate breeding territory or Territory Proportion) of the species using each of the structure classes
f Proportion of each Largest Territory divided by the Territory Total

€ Range of proportions from both the No-Overlap and Total Overlap approaches for each structural class listed as whole numbers, where the lowest proportion is
rounded down and highest proportion rounded up.

h Average of the proportions derived from each approach and every structural class
Structural Group: Open- herb, shrub, woody; Moderate- sav-o, sav-d, ow-0, ow-d; Closed- w-o, w-d, f-o, f-d
i Range of the proportions of all structure classes in each structural group

K Sum of the Approximate Averages for all structure classes in each structural group



Table 6- Average proportion derived from the range of results provided from both the No-Overlap and Total Overlap approach
for each structural class, by elevation. The average proportion suggests a potential goal for the amount of area needed in each
structural class in order to maximize evenness of bird species included in the model.

Structural Class?®
woody | sav-o sav-d ow- o
7.6% 6.8% 2.7% 19.4%

5.8% 5.1% 3.3% 19.2%

2500-3000

3000-3500

5.2% 3.9% 3.4% 18.3%

3500-4000

4.2% 3.3% 3.5% 18.3%

4000-4500 4.0% 2.2% 3.1% 19.6%

4500-5000 3.9% 2.1% 2.9% 17.7%

6.5% 1.5% 5.9% 1.5%

Average
across all
Elevations

Structural
b Moderate
Group
Group Ave.
Total © 27.8% 58.9%

a
herbaceous, shrub, woody, savanna-open, savanna-closed, open woodland-open, open woodland-dense, woodland-open, woodland-dense, forest-open, forest-

5.3% 3.6% 3.5% 16.3%

dense
b Open- herb, shrub, woody; Moderate- sav-o, sav-d, ow-o, ow-d; Closed- w-o, w-d, f-o, -d

€ Sum of average of proportions derived from both the No-Overlap and Total Overlap approaches rounded to nearest 10t for structure classes making up each structural group

There are many interesting elevational trends suggested by the model, including structural similarities
between some of the elevation bands. In Table 7, it appears that 3 separate elevational groups showing
similar results could be made. These include elevations <3000; 3000-5000, and > 5000 (feet). Of these
groups, the >5000 foot elevation band exhibits the highest degree of variation. At greater than 5000
feet of elevation, we see the importance of structural classes with a dense understory dramatically
increase in importance. There is also a major decline in the importance of the Open Woodland- Open
and Woodland- Open structures. This is change may likely be attributed to changes at these high
elevation to Spruce- Fir forests and the diminishing importance of hardwood forests.

In terms of specific structural classes we see in Table 7 that in the open group, the woody structural
class is needed at a higher proportion than the shrub and herbaceous classes, followed by shrub, and
then herbaceous. This trend is true across all elevational bands. Although the importance of the Open
group structural classes decrease as elevation increases up to 4500 feet we see that above 4500 feet
they become increasingly more important again at the higher elevations (Table 7). Perhaps signifying the
importance of open grass and shrub balds at these higher elevations.



For the moderate group we see in Table 7 that the Open-Woodland/ Open class is by far the most
important structural class, up to 5000 feet. Above 5000 feet however, we see a dramatic shift away
from the importance of the Open- Woodland/ Open class. Again, this is perhaps due to changes in tree
species composition as elevation increases. It is also evident that in the moderate structural group, the
importance of Savanna- Open structures are increasingly important at lower elevations and decrease in
importance as elevation increases. The remaining structures in this group, Savanna- Dense, Open
Woodland- Open, and Open Woodland- Open, appear to remain relatively stable across all elevations
less than 5000 feet.

Table 7- Average structural proportion derived from the range of results provided from both the No-Overlap and Total Overlap
approach for each structural class, by elevation.

% Structure by Elevation

M Forest/ Dense

M Forest/ Open

B Woodland/ Dense

H Woodland/ Open

Open Woodland/ Dense

B Open Woodland/ Open
o
S

Proportion

40%

30% m Savanna/ Dense

100%
90%
80%
70%
60%
50% :I

20% | — l Savanna/ Open
Woody
10%
H Shrub
0% o R R o W Herb
A oS &
L . ’ % % ’ -7
$ & & S &
g ey By © N

Elevational Band

In the closed structural group it appears that both the Woodland structural classes remain fairly
consistent across all elevations, although there is a somewhat significant decline in the Woodland- Open



structural class above 5000 feet of elevation. While the Forest- Open structural class seems to
consistently increase as elevation increases, the Forest- Dense class exhibits a higher degree of variation
across all elevations. First decreasing up to 4500 feet of elevation and then becoming increasingly more
important up to greater than 5000 feet of elevation where it reaches its highest proportion of all the
elevations.

In terms of the results from a structural group stand point, we see what appears to be a relationship
between the three groups. Although the results vary somewhat more dramatically at the structural
class level, there does seem to be a more constant rate of change between the structural groups across
elevations. In table 8, we see that the combined amount of the open group and moderate group
decrease as elevation increases, while the closed group gradually increases in proportion as elevation
increases. It is also interesting that while the proportions of the three groups do fluctuate across
elevation, the average relationship between the three structural groups remain very close to a 1:2:4
ratio on average. Being one parts open, to two parts moderate, and four parts closed. This relationship
can be seen in Table 9, and is interesting as the open group is almost half as much as the moderate
group, as is half as much as the closed group. Such a ratio between the three structure groups lends its
self well to forest management, as it provides managers with easy and multiple ways of maintaining and
transitioning structures between both classes and groups.

Table 8- Average proportion of each structural group by elevation.

Group Proportion by Elevation Band

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0%

Proportion

<2500 2500-3000 3000-3500 3500-4000 4000-4500 4500-5000 >5000
Elevational Band

Open M Moderate M Closed




Table 9- Average proportion of each structural group across all elevations.

Total % of each Structural Group

Open
B Moderate

M Closed

In the context of the Nantahala and Pisgah National Forests, the acres by which these proportions can
be distributed vary greatly by elevation. Because of the geographical setting of the two national forests,
the amount of acres comprising each elevation band considered with in the model decreases as
elevation increases (ie. there are more acres of the forests at the lower and mid elevations, and less as
elevation increases). When distributing the proportions derived from the model by the amount of acres
available at each elevation band we see that the total amount of open structural classes needed to
maximize evenness of bird species across the forests is higher than the average proportion derived
across all elevations as shown in Table 6. Again, this is attributed to the fact that open structural classes
are needed at a higher proportion at lower elevations, and there are more acres of the forests at lower
elevations. This trend is displayed in Table 10, where proportions derived from the model are displayed
as a percentage of the forests in terms of the available acres in each elevation band. The same method
is applied to the entire Nantahala and Pisgah National Forests to express the proportion of each
structural group needed across the forests to maximize evenness of bird species, with consideration to
the available acres in each elevational band (Table 11).



Table 10- Average proportion of each structural class by available acres of Nantahala and Pisgah National Forests across all
elevation bands.

Proportion of Each Sturctural Class across
Nantahala- Pisgah National Forest

® Herb @ Shrub O Woody
O Savannal/ Open @ Savannal Dense ® Open Woodland/ Open
@ Open Woodland/ Dense ~ EWoodland/ Open EWoodland/ Dense

B Forest/ Open B Forest/ Dense




Table 11- Average proportion of each structural group by available acres of Nantahala and Pisgah National Forests across all
elevation bands.

Total % of NF by Sturctural Group

Open
B Moderate

M Closed

DISCUSSION

It is important to note that we constructed our model to specifically focus on forest structure rather
than forest age. This was because forest age classes can be independent of structure, as the same
structure in some cases can be produced in various stands of different ages. The benefit to our
approach is that it highlights the importance of structure for wildlife, regardless of age, composition, and
other components of habitat.

The model is coarse grained and therefore can be used to provide a general guideline for managers
seeking to provide for a diversity of wildlife across a large, forested landscape. It is not suggested that
providing structural classes at the proportions derived will results in species being present, as many
other factors such as vegetative composition, juxtaposition, and proximity to other resources greatly
influence habitat suitability. However, ensuring that suitable habitats are available for a diversity of
wildlife is one of the foundations of modern wildlife management. When structural elements are
missing or lacking, the probability of a species being present is decreased and diminished (Patton, 2011).

In applying the bird matrix model, managers should work to consider what forest or community types
are used by birds for breeding. This information and an understanding of it will be paramount to
determining where and under what settings the derived proportions of each structural class might be
applied. The intent of this model is to provide managers with a science based starting point for which to
continue more detailed analyses.



We recognize that at a fine scale, not all species included with in the matrix have breeding ranges that
span the entirety of our modeled landscape (Nantahala and Pisgah National Forests). Some species such
as Eastern towhee have a large distribution that covers much of the landscape, while others such as
Cerulean and Golden-winged warbler which have specific and concentrated distributions across the
landscape. One way we address this issue is by breaking up our model analysis into the elevation bands.
Although the structural requirements of species with highly specific distributions or exclusive ranges
were considered across an area potentially larger than their known extant, any potential effects would
be limited to the elevations for which those species occur. It was also our determination that when
considering species for inclusion into the model at the landscape level, it was important to consider all
appropriate bird species, regardless of extent or area of distribution. This again gives priority to all
species being considered equally within the model, and ensures that the needs and requirements of one
species do not become precedent over any other.

During the development stages of the model it became very apparent that several factors were major
drivers in determining what proportions of each structure were produced from the model. The two
primary factors driving the model were total number of species included in the model and the number
of structure classes each species were attributed to. In regards to the number of species within the
model, it was important for the model to be as inclusive as possible, while limiting variability. This was
important to help limit any one species from carrying too much weight or influence the results. As the
number of species included in the model increases so does the robustness of the model.

Perhaps the single greatest factor influencing the results of the model, is the number of structures each
species is attributed to. This factor greatly determines how much weight a species’ approximate
breeding territory size carries within the model. Ultimately species which have large approximate
breeding territories and have more specific structural requirements (using only 1 or 2 structural classes),
most often carried the greatest weight in influencing the results of the model.

The intent of our model is for it to be applied in proper context considering the number of species
included within the model. As the number of species included in the model increases, so must the area
by which the model represents. This is critically important so that issues of minimum patch size and
areas sensitivity of species are adequately addressed. This fact is further compounded and is particularly
important when being considered at multiple elevations. Efforts to incorporate minimum patch size in
our model proved problematic because of the varying definitions used in literature. Many of the
estimates of minimum patch size were simply rough estimates (e.g. 100 ha was a common figure) but
virtually none were empirically derived. Furthermore, in many cases a minimum patch size was
suggested but included exceptions (ie. “although sometimes found using small woodlots”). By providing
structural stages according to the suggested ranges derived over a sufficiently large area, it can be
assumed that such issues would be addressed. As a general guideline for the minimum recommended
area for which our model should be applied, we suggest multiplying the total area of approximate
breeding territories for all species included in the model by 25. Lande (1988) suggests a guideline for
minimum block size is an area large enough to contain 50 genetically-effective individuals (25 pairs) in
order to conserve genetic diversity of a species. Using this same guideline, if we multiply the
Approximate Breeding Territories (363 acres) of all 80 bird species included in our matrix by 25



(breeding pairs), a block size of no less than 9,075 acres would be needed to ensure genetic diversity is

conserved among the species included in our model. Despite what an actual minimum block size needs
to be, these requirements are clearly satisfied for application to the Nantahala-Pisgah National Forests

in western North Carolina (1.2 million acres).

The issue of young forest types is an important one on the National Forests as early successional
habitats in eastern deciduous forests is a regional concern (NCWRC 2005). Wildlife managers have long
used 8-12% young forest (0-10 year old forest) as a standard for wildlife in forested areas. The matrix
results indicate a need for a combined group average of 13.4% of the open structural classes across all
elevation bands, and a 14.1% combined group average across the National Forests based on available
acres in each elevational band. Our results more than support the need for 8-12% in open structural
classes, particularly when managing for avian diversity. However, we recognize that these forests are
not managed solely for avian diversity and that many other interests must be considered in a multiple
use forest. Our model does provide a conceptual understanding of the implications, potential tradeoffs,
and shifts which might occur if certain structural classes are managed for at varying degrees of the
ranges provided. By intentionally altering the proportions provided, one can understand in a general
sense which species would be less likely to be present and which would be more likely to be present.



Appendix I:

Alp d e d O ae O O
pecie e eed
ode ee pe O PO
O
Field Sparrow FISP NA Herb, Shrub 1.9 And 0.95
Vesper Sparrow VESP >4500 Herb, Shrub 6.4 And 3.20
Eastern Bluebird EABL <4000 Herb, Savanna Open 5.2 Or 2.60
Eastern King Bird EAKI <3000 Herb, Savanna Open 2.8 Or 1.40
Mourning Dove MODO <4500 Herb, Savanna Open 0.3 Or 0.15
American Goldfinch AMGO <5000 Herb- Savanna Dense 0.2 Or 0.05
Blue-winged Warbler BWWA <3500 Herb- Savanna Open 2.7 And 0.68
. >2500-
Golden-Winged Warbler GWWA <5000 Herb- Savanna Open 3.6 And 0.90
Indigo Bunting INBU <5000 Herb- Savanna Open 3.5 Or 0.88
American Woodcock AMWO NA HebOmam Open 5 And 1.00
Woodland
Eastern Whip-poor-will EWPW <3500 h e aoben 0 126 And 252
astern Whip-poor-wi Woodland pen d n .
" Herb-Open
Northern Bobwhite NOBO <3000 Open 16 And 3.20
Woodland
Ruby Throated Hummingbird RTHU <5000 Herb-Forest Open 0.3 Or 0.04
Blue Grosbeak BLGR <2500 Shrub, Woody 9.1 Or 4.55
Yellow Warbler YEWA <4000 Shrub, Woody 0.5 Or 0.25
Chestnut-sided Warbler CSWA >3000 Shrub- Savanna Dense 1.8 Oor 0.63
Common Yellowthroat COYE NA Shrub- Savanna Dense 2 Or 0.67
Northern Mockingbird NOMO <3500 Shrub-Savanna Dense 2.5 Or 0.83
Prairie Warbler PRAW <4000 Shrub- Savanna Dense 3.8 Or 1.27
- Shrub- Open
Chipping Sparrow CHSP <3000 Woodland Open 1.5 Or 0.38
. Shrub-Open
Gray Catbird GRCA NA Woodland Dense 0.2 Or 0.05
Northern Cardinal NOCA <4500 SETOL Dense 3.0 or 075
Woodland
Eastern Towhee EATO NA Shrub-Forest Dense 1.8 Or 0.30
White-eyed Vireo WEVI <3500 Woody 2.6 Or 2.60
Yellow-breasted Chat YBCH NA Woody- Savanna Dense 2.5 Or 1.25
Alder Flycatcher ALFL >3500 WU Dense 05 or 0.17
Woodland
Woody-Open
Blue-gray Gnatcatcher BGGN <4000 Woodland Dense 1.7 Or 0.57
Brown Thrasher BRTH NA ocsiadbey Dense 19 or 0.63
Woodland
Cedar Waxwing CEDW <4000 Wl Glpem Dense 0.1 or 0.03
Woodland
Least Flycatcher LEFL >2500 Wl Crpem Dense 0.4 or 0.13
Woodland
Orchard Oriole OROR <3000 Woody-Open Dense 13 or 043
Woodland
Ruffed Grouse RUGR >2500 icoaathed Dense 7.5 And 2.50
Woodland
Willow Flycatcher WIFL <3500 Wiedy0an Dense 1 Or 0.33
Woodland
Eastern Phoebe EAPH NA Woody- Woodland Open 0.8 Or 0.20
American Redstart AMRE <4500 Woody-Forest Dense 13 Or 0.26
Canada Warbler CAWA >3500 Woody-Forest Dense 2.9 Or 0.58
Winter Wren WIWR >3000 Woody-Forest Dense 1.2 Or 0.24
Baltimore Oriole BAOR <3000 SEVEIE e Open 26 or 1.30
Woodland
Brown Headed Nuthatch BHNU <2500 SEVEIER Qe Open 7.6 or 3.80
Woodland
Red-headed Woodpecker RHWO <2500 SOEINE- QFEh Open 5.8 or 2.90
Woodland
Downy Woodpecker DOWO <4500 Savanna-Forest Open 2.2 Or 0.55
Pine Warbler PIWA <3500 Savanna- Forest Open 2.2 Or 0.55




Northern Flicker NOFL <5000 Open Woodland Open 8.2 Or 8.20
Great Crested Flycatcher GCFL <4500 Op?,r\};l‘\)lzlt;ilsnd- Open 5.9 Or 2.95
Black-throated Green Warbler BTNW >2500 OpenFV;I;tzztiland- Dense 13 Or 0.43
Carolina Chickadee CACH <5000 SRS Dense 49 or 1.63
Forest
Cerulean Warbler CERW Zi‘:’)%%- Open!::e?:land- Open 1.1 Or 0.37
Dark-eyed Junco DEJU 3500 OpenFV:rer‘:landf Dense 52 or 1.73
Eastern Wood Pewee EAWP <4500 Ope”!gfe‘:f'a"d‘ Open 12.2 or 4.07
Hairy Woodpecker HAWO <4500 Ope"g’;’r"e‘:‘:'a"d' Open 26 or 0.87
Red-eyed Vireo REVI <5000 Ope":;‘:‘:'a"d' Open 17 or 0.57
Rose Breasted Grosbeak RBGR >3000 OpenFVc\,I:Jet:Lt:Hand- Dense 1.9 Oor 0.63
Tufted Titmouse TITU <5000 gz Wewdlerel- Open 10.6 Or 3.53
Forest
White-breasted nuthatch WBNU <5000 Ope”:j/:’;f'a”d' Open 30.9 or 10.30
Yellow-bellied Sapsucker YBSA >3500 Woodland Open 7.7 Or 7.70
Black-billed Cuckoo BBCU 225%%% Woodland-Forest Dense 5.4 Or 2.70
Carolina Wren CARW <3500 Woodland-Forest Open 25 Oor 1.25
Hooded Warbler HOWA <4000 Woodland-Forest Dense 1.8 Or 0.90
Kentucky Warbler KEWA <3500 Woodland-Forest Dense 5.6 Or 2.80
Pileated Woodpecker PIWO <5000 Woodland- Forest Dense 7.8 Or 3.90
Red Crossbill RECR >3000 Woodland-Forest Open 2.8 Or 1.40
Scarlet Tanager SCTA <5000 Woodland-Forest Open 9.6 Or 4.80
Summer Tanager SUTA <2500 Woodland-Forest Open 4 Or 2.00
Yellow-billed Cuckoo YBCU <3500 Woodland-Forest Dense 7.4 Or 3.70
Acadian Flycatcher ACFL <4000 Forests Dense 3 Or 3.00
Blackburnian Warbler BLBW >3000 Forests Dense 2.7 Or 2.70
Black-and-white Warbler BAWW <4000 Forests Open 4.8 Or 4.80
Black-capped Chickadee BCCH >4500 Forests Dense 10.6 Or 10.60
Black-throated Blue Warbler BTBW >2500 Forests Dense 6.2 Or 6.20
Blue-headed Vireo BHVI >3000 Forests Open 7.4 Or 7.40
Brown Creeper BRCR >3500 Forests Open 10.4 Or 10.40
Golden-crowned Kinglet GCKI >3000 Forests Dense 1.5 Or 1.50
Louisiana Waterthrush LOWA <3500 Forests Dense 7.8 Or 7.80
Northern Parula NOPA <4500 Forests Dense il Or 1.00
Ovenbird OVEN <4500 Forests Open 2.1 Oor 2.10
Red Breasted Nuthatch RBNU >3000 Forests Open 12.6 Oor 12.60
Swainson's Warbler SWWA <3000 Forests Dense 85 Or 8.50
Veery VEER >3500 Forests Dense 0.6 Or 0.60
Wood Thrush WOTH <4000 Forests Dense 59 Or 5.90
Worm Eating Warbler WEWA <3500 Forests Dense 4.3 Or 4.30




REFERENCES

Adkisson, Curtis S. 1996. Red Crossbill (Loxia curvirostra), The Birds of North America Online (A. Poole, Ed.).
Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/256

American Ornithologists' Union. 1998 Check-list of North American Birds. 7th ed. Am. Ornithol. Union,
Washington, D.C.

Anderson, M., Prince, J., Ray, D., Sutton, M., and Watland, A. 2013. Southern Blue Ridge: an Analysis of Matrix
Forests. The Nature Conservancy. pp. 51.
http://www.conservationgateway.org/Files/Pages/SouthernBlueRidgeAnAnalysisofMatrixForests.aspx

Anich, N. M., T. J. Benson, and J. C. Bednarz. 2009b. Estimating territory and home-range sizes: do singing
locations alone provide an accurate estimate of space use? Auk 126(3):626-634.

Askins, R. A., M. J. Philbrick, and D. S. Sugeno. 1987. Relationship between the regional abundance of forest and
the composition of forest bird communities. Biol. Conserv. 39:129-152.

Bailey, A. M., R. J. Niedrach, and A. L. Baily. 1953. The Red Crossbills of Colorado. Mus. Pictorial no. 9, Denver
Mus. Nat. Hist. Denver, CO.

Bakermans, George M.; T. Beachy; A. Evans; M. McDermott; F. Newell; K. Perkins; and M. White. 2013.
Management guidelines for enhancing Cerulean Warbler breeding habitat in Appalachian hardwood
forests. American Bird Conservancy, The Plains, Va. 28 pp.

Bakermans, M. H., Rodewald, A. D., Vitz, A. C. 2012. Influence of Forest Structure on Density and Nest Success of
Mature Forest Birds in Managed Landscapes. The Journal of Wildlife Management 76(6):1225-1234.

Begon, M., C.R. Townsend and J.L. Harper. 2005. Ecology: From Individuals to Ecosystems, 4th Edition. Wiley-
Blackwell. 752 pages

Bertin, R. I. 1975. Factors influencing the distribution of the Wood Thrush and Veery in western Connecticut
woodland. Master's Thesis. Univ. of Connecticut, Storrs.

Best, L. B. 1977b. Territory quality and mating success in the Field Sparrow (Spizella pusilla). Condor 79:192-204.
Best, L. B. and D. F. Stauffer. 1986. Factors confounding evaluation of bird-habitat relationships. Pages 209-216
in Wildlife 2000: modeling habitat relationships of terrestrial vertebrates. (Verner, J., M. L. Morrison,

and C. J. Ralph, Eds.) Univ. of Wisconsin Press, Madison.

Bond, R. R. 1957. Ecological distribution of breeding birds in the upland forests of southern Wisconsin. Ecol.
Monogr. 27:351-384.

Boves, T. J., D. A. Buehler, J. Sheehan, P. B. Wood, A. D. Rodewald, J. L. Larkin, P. D. Keyser, F. L. Newell, A. Evans,


http://bna.birds.cornell.edu/bna/species/256
http://www.conservationgateway.org/Files/Pages/SouthernBlueRidgeAnAnalysisofMatrixForests.aspx

Canterbury, R. A,, N. J. Kotesovec, Jr., B. Catuzza, and B. M. Walton. 1995b. Effects of Brown-headed Cowbird
(Molothrus ater) parasitism on habitat selection and reproductive success in Blue-winged Warblers
(Vermivora pinus) in Northeastern Ohio. Unpubl. rep. Ohio Dep. Nat. Resources. Columbus, OH.

Chiver, loana, L. J. Ogden and B. J. Stutchbury. 2011. Hooded Warbler (Setophaga citrina), The Birds of North
America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North
America Online: http://bna.birds.cornell.edu/bna/species/110

Clawson, S. D. 1980. Comparative ecology of the Northern Oriole (Icterus galbula) and the Orchard Oriole
(Icterus spurius) in Western Nebraska.Master's Thesis. Univ. of Nebraska, Lincoln.

Cody, M. L. 1981. Habitat Selection in Birds: The Roles of Vegetation Structure, Competitors, and Productivity.
BioScience Vol. 31, No. 2 pp. 107-113.

Cyr, A. 1974. L'avifaune nicheuse de deux types d'associations forestiéres dans la zone du nouvel aeroport
international de Montréal a Mirabel, Québec. Master's Thesis. Univ. of Montreal, Montreal, Quebec.

Davis, C. M. 1978. A nesting study of the Brown Creeper. Living Bird 17:237-263.

DeGraaf, R.M., Hestbeck, J. B., Yamasaki, M. 1998. Associations between breeding bird abundance and stand
structure in the White Mountains, New Hampshire and Maine, USA. Forest Ecology and Management
103 pp. 217-233.

Dunham, D. W. 1966b. Territorial and sexual behavior in the Rose-breasted Grosbeak, Pheucticus ludovicianus.
Z. Tierpsychol. 23:438-451.

Ellison, W.G. 1991. Historical Paterns of Vagrency by Blue-gray Gnatcatchers in New England. J. Field Ornithol.
64(3):358-366

Evans, Melissa, Elizabeth Gow, R. R. Roth, M. S. Johnson and T. J. Underwood. 2011. Wood Thrush
(Hylocichla mustelina), The Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of
Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/246

Ford, N. L. 1996. Polyterritorial polygyny in North American passerines. J. Field Ornithol. 67:10-16.

Forman, R. T. T., A. E. Galli, and C. F. Leck. 1976. Forest size and avian diversity in New Jersey woodlots with
some land use implications. Oecologia 26:1-8.

Gartshore, M. E. 1988. A summary of the breeding status of Hooded Warblers in Ontario. Ontario Birds 6:84-99.

Gauthier, J. and Y. Aubry. 1996. Breeding birds of Québec: Atlas of the breeding birds of southern Québec.
Province of Québec Society for Protection of Birds. Can. Wildl. Serv. Montréal.

George, G. A., and T. B. Wigley. 2013. Spatial variation in breeding habitat selection by Cerulean Warblers
(Setophaga cerulea) throughout the Appalachian Mountains. Auk 130(1):46-59.


http://bna.birds.cornell.edu/bna/species/110
http://bna.birds.cornell.edu/bna/species/246

Ghalambor, Cameron K. and Thomas E. Martin. 1999. Red-breasted Nuthatch (Sitta canadensis), The Birds of
North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of
North America Online: http://bna.birds.cornell.edu/bna/species/459

Gorski, L. G. 1969a. Systematics and ecology of sibling species of Traill's Flycatcher. Phd Thesis. Univ. of
Connecticut, Storrs.

Graber, J. W., R. R. Graber, and E. L. Kirk. 1985. Illinois birds: vireos. lllinois Nat. Hist. Survey, Champaign.

Greenlaw, J. S. 1969. The importance of food in the breeding system of the Rufous-sided Towhee, Pipilo
erythrophthalmus (L.). Phd Thesis. Rutgers, State Univ. of New Jersey, New Brunswick, NJ.

Groth, J. G. 1988. Resolution of cryptic species of Appalachian Red Crossbills. Condor 90:745-760.

Hallworth, M., A. Ueland, E. Anderson, J. D. Lambert, and L. Reitsma.2008a. Habitat selection and site fidelity of
Canada Warblers (Wilsonia canadensis) in central New Hampshire. Auk 125(4):880-888.

Hofslund, P. B. 1959. A life history study of the Yellowthroat, Geothlypis trichas. Proc. Minn. Acad. Sci.
27:144-174.

Howe, R. W. 1979. Distribution and behaviour of birds on small islands in northern Minnesota. J. Biogeog. 6:379-
390.

Hughes, Janice M. 1999. Yellow-billed Cuckoo (Coccyzus americanus), The Birds of North America Online (A.
Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/418

James, R. D. 1996a. Yellow-throated and Solitary Vireos in Ontario: 1. Introduction and behaviour of unmated
males. Ont. Birds 14:45-49.

Kendeigh, S. C. 1945. Nesting behavior of wood warblers. Wilson Bull. 57:145-164.

Kilham, L. 1983. Life history studies of woodpeckers of eastern North America. Publ. Nuttall Ornithol. Club no.
20.

Krueger, H. O. 1981. Breeding adaptations of the Vesper Sparrow (Poocetes gramineus) in a fire-altered
ecosystem. Master's Thesis. Central Michigan Univ. Mt. Pleasant.

Lambeck, Robert J. 1997. Focal Species: A Multi-Species Umbrella for Nature Conservation. Conservation Biology
Vol. 11, No. 4, pp. 849-856.

Laskey, A. R. 1935. Mockingbird life history studies. Auk 52:370-381.

MacArthur, R. 1955. Fluctuations of animal populations and a measure of community stability. Ecology: 35:533-
535.

Mackey, J. P. 1954. Some aspects of Mourning Dove behavior related to reproduction. Master's Thesis. Ohio
State Univ. Columbus.


http://bna.birds.cornell.edu/bna/species/459
http://bna.birds.cornell.edu/bna/species/418

Magurran, A. E. Ecological Diversity and Its Measurement. Published by Chapman and Hall. 1988. pp. 6-9.

Martin, N. D. 1960. An analysis of bird populations in relation to forest succession in Algonquin Provincial Park,
Ontario. Ecology 41:126-140.

Mattsson, B. J. and R. J. Cooper. 2009. Multiscale analysis of the effects of rainfall extremes on reproduction by
an obligate riparian bird in urban and rural landscapes. Auk 126(1):64-76.

McDonald, Mary Victoria. 2013. Kentucky Warbler (Geothlypis formosa), The Birds of North America Online
Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/324

McKerrow, A.J., S.G. Williams, J.A. Collazo. 2006. The North Carolina Gap Analysis Project: Final Report. North
Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University, Raleigh, North
Carolina. xiv + 110 pp. + appendices.

McLachlin, R.A. 1983. Dispersion of the Western Winter Wren in the coastal western hemlock forest at the
University of Bristish Columbia Research Forest in southwestern British Columbia. Phd Thesis. Univ. of
British Columbia, Vancouver.

Meanley, B. 1969. Prenesting and nesting behavior of the Swainson's Warbler. Wilson Bull 81(3):246-257.
Moldenhauer, Ralph R. and Daniel J. Regelski. 2012. Northern Parula (Setophaga americana), The Birds

of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of
North America Online: http://bna.birds.cornell.edu/bna/species/215

Morimoto, D. C. and F. E. Wasserman. 1991a. Dispersion patterns and habitat associations of Rufous-sided
Towhees, Common Yellowthroats, and Prairie Warblers in the southeastern Massachusetts pine barrens.
Auk 108:264-276.

Morse, D. H. 1974. Foraging of Pine Warblers allopatric and sympatric to Yellow-throated Warblers. Wilson Bull.
86:474-477.

Morse, D. H. 1977. The occupation of small islands by passerine birds. Condor 79:399-412.
Morse, Douglass H. 2004. Blackburnian Warbler (Setophaga fusca), The Birds of North America Online

Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/102

Morton, E. S., B. J. M. Stutchbury, J. S. Howlett, and H. W. Piper. 1998. Genetics monogamy in Blue-headed
Vireos and a comparison with a sympatric vireo with extra-pair paternity. Behav. Ecol. 9:515-524.

Neudorf, Diana L.; Bridget J.M. Stutchbury; and Walter H. Piper. (1997). Covert extraterritorial behavior of
female hooded warblers. Behavioral Ecology. doi:10.1093/beheco/8.6.595

Nolan, Jr., V. 1978. The ecology and behavior of the Prairie WarblerDendroica discolor. Ornithol. Monogr. 26:1-
595.


http://bna.birds.cornell.edu/bna/species/324
http://bna.birds.cornell.edu/bna/species/215
http://bna.birds.cornell.edu/bna/species/102

Norris, R. A. 1958. Comparative biosystematics and life history of the nuthatches Sitta pygmaea and Sitta pusilla.
Univ. Calif. Publ. Zool. 56:119-300.

North Carolina Wildlife Resources Commission. 2005. North Carolina Wildlife Action Plan. Raleigh, NC., pp. 112-
117

Odum, E. P. 1942. Annual cycle of the Black-capped Chickadee-3. Auk 59:499-531

Pabian, S. E. and M. C. Brittingham. 2007. Terrestrial Liming Benefits Birds in an Acidified Forest in the
Northeast, Ecological Applications, vol. 17, no. 8, pp. 2184-2194.

Partin, H. 1977. Breeding biology and behavior of the Brown Thrasher (Toxostoma rufum). Phd Thesis. Ohio
State Univ. Columbus.

Peters, K. A. 1999. Swainson's Warbler (Limnothlypis swainsonii) habitat selection in a managed bottomland
hardwood forest inSouth Carolina. Master's. North Carolina State University, Raleigh.

Petit, L. J. 1989. Breeding biology of Prothonotary Warblers in riverine habitat in Tennessee. Wilson Bull. 101:51-
61.

Poulin, Jean-Francois, Emilie D'Astous, Marc-Andre Villard, Sallie J. Hejl, Karen R. Newlon, Mary E. Mcfadzen,
Jock S. Young and Cameron K. Ghalambor. 2013. Brown Creeper (Certhia americana), The Birds of North
America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North
America Online: http://bna.birds.cornell.edu/bna/species/669

Porneluzi, Paul, M. A. Van Horn and T.M. Donovan. 2011. Ovenbird (Seiurus aurocapilla), The Birds of
North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of
North America Online: http://bna.birds.cornell.edu/bna/species/088

Potter, Elouise F. 1973. Breeding Behavior of Summer Tanager. Retrieved from Carolina Birding Club website.
(July 13, 2015) www.carolinabirdclub.org/chat/issues/1973/v37n2suta breeding.pdf

Prescott, D. R. C. 1986a. Polygyny in the Willow Flycatcher. Condor 88:385-386.
Prescott, K. W. 1965. The Scarlet Tanager (Piranga olivacea). N.J. State Mus. Invest. no. 2.

Robbins, C. S., D. K. Dawson, and B. A. Dowell. 1989. Habitat area requirements of breeding forest birds of the
Middle Atlantic States. Wildlife Monogram. 103:1-34.

Rappole, J. H. and McDonald, M. V. 1994. Cause and effect in population declines of migratory birds. The Auk
111(3): 652-660.

Robbins, C. S. 1980. Effect of forest fragmentation on breeding bird populations in the piedmont of the
mid-Atlantic region. Atlantic Nat. pp. 33:31-36.

Roberts, C. and C. J. Norment. 1999. Effects of plot size and habitat characteristics on breeding success
of Scarlet Tanagers. Auk 116:73-82.


http://bna.birds.cornell.edu/bna/species/669
http://bna.birds.cornell.edu/bna/species/088
http://www.carolinabirdclub.org/chat/issues/1973/v37n2suta_breeding.pdf

Robinson, W. D. and S. K. Robinson. 1999. Effects of selective logging on forest bird populations in a fragmented
landscape. Conserv. Biol. 13:58-66.

Rushmore, F. M. 1969. Sapsucker damage varies with tree species and seasons. Res. Pap. NE-136. U.S. Dep.
Agric., For. Serv., Northeast For. Exp. Sta. Upper Darby, PA.

Sabo, S. R. 1980. Niche and habitat relations in subalpine bird communities of the White Mountains of New
Hampshire. Ecol. Monogr. 50:241-259.

Sherry, T. W. 1979. Competitive interactions and adaptive strategies of American Redstarts and Least Flycatchers
in a northern hardwoods forest. Auk 96:265-283.

Sherry, T. W. and R. T. Holmes. 1985. Dispersion patterns and habitat responses of birds in northern hardwood
forests. Pages 283-309 in Habitat selection in birds. (Cody, M. L., Ed.) Academic Press, New York.

Simpson, B. S. 1984. Tests of habituation to song repertoires by Carolina Wrens. Auk 101:244-254.

Snavely, R. R. and R. H. Witherington. 1986. Colonial nesting of Cedar Waxwings in Forsyth County, N.C.: first
record for the Carolinas. Chat 50:123.

Spencer, O.R. 1943. Nesting habits of the Black-billed Cuckoo. Wilson Bull. 55:11-22.

Steele, B. B. 1992. Habitat selection by breeding Black-throated Blue Warblers (Dendroica caerulescens) at two
spatial scales. Ornis Scand. 23:33-42.

Stewart, R. E. and C. S. Robbins. 1958. Birds of Maryland and the District of Columbia. N. A. Fauna no. 62, U.S.
Fish Wildl. Serv. Washington, D.C.

Stoleson, Scott H. 2013. Condition Varies with Habitat Choice in Postbreeding Forest Birds. The Auk
130(3):417-428.

Taber, W. and D. W. Johnston. 1968. Passerina cyanea (Linnaeus), Indigo Bunting. Pages 80-111 in Life histories
of North American Cardinals, grosbeaks, buntings, towhees, finches, sparrows, and allies. (O. L. Austin, Jr
Ed, Ed.) U. S. Natl. Mus. Bull. 237, part 1.

Thompson, C. F. and V. Nolan, Jr. 1973. Population biology of the Yellow-breasted Chat (Icteria virens L.) in
Southern Indiana. Ecol. Monogr. 43:145-171.

Thompson, J. L. 2005. Breeding biology of Swainson's Warblers in a managed South Carolina bottomland forest.
PhD Dissertation. North Carolina State University, Raleigh.

Twomey, A. C. 1945. The bird population of an elm-maple forest with special reference to aspection,
territorialism, and coactions. Ecol. Monogr. 15:173-205.

Urban, D.L. and T.M. Smith. 1989. Microhabitat Pattern and the Structure of Forest Bird Communities. The
American Naturalist. Vol. 133, No. 6. pp. 811-829.



Venables, A. and M. W. Collopy. 1989. Seasonal foraging and habitat requirements of Red-headed Woodpeckers
in north-central Florida. Nongame Wildl. Prog. Final Rep. Proj. no. GFC-84-006. Fla. Game Fresh Water
Fish Comm.

Vitz, Andrew C., Lise A. Hanners and Stephen R. Patton. 2013. Worm-eating Warbler (Helmitheros vermivorum),
The Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the
Birds of North America Online: http://bna.birds.cornell.edu/bna/species/367d0i:10.2173/bna.367

Vickery, Peter D. 1996. Grasshopper Sparrow (Ammodramus savannarum), The Birds of North America Online
(Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/239d0i:10.2173/bna.239

Walkinshaw, L. H. 1966. Studies of the Acadian Fly-catcher in Michigan. Bird-Banding 37:227-257.

Walters, Eric L., Edward H. Miller and Peter E. Lowther. 2002. Yellow-bellied Sapsucker (Sphyrapicus varius), The
Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the
Birds of North America Online: http://bna.birds.cornell.edu/bna/species/662

Weaver, F. G. 1949. Wood Thrush. Pages 101-123 in Life history of North American thrushes, kinglets, and their
allies. (Bent, A. C., Ed.) U.S. Natl. Mus. Bull. 196.

Whitcomb, B. L., R. F. Whitcomb, and D. Bystrak. 1977. Long-term turnover and effects of selective logging on
the avifauna of forest fragments. Am. Birds 31:17-23.

Wiens, J. A. 1969. An approach to the study of ecological relationships among grassland birds. Ornithological
Monographs 8:1-93.

Wiggins, David A., Yellow-billed Cuckoo (Coccyzus americanus): a technical conservation assessment.
[Online]. USDA Forest Service, Rocky Mountain Region. Available: http://www.fs.fed.us/r2/projects/scp/
assessments/yellowbilledcuckoo.pdf [07/09/2015]. A Technical Conservation Assessment.

Wood, P. B., J. Sheehan, P. Keyser, D. A. Buehler, J. Larkin, A. Rodewald, S. Stoleson, T. B. Wigley, J. Mizel, T.
Boves, Bakermans, George M.; T. Beachy; A. Evans; M. McDermott; F. Newell; K. Perkins; and M. White.
2013. Management guidelines for enhancing Cerulean Warbler breeding habitat in Appalachian
hardwood forests. American Bird Conservancy, The Plains, Va. 28 pp.

Yarrow, G. 2009. Providing Habitat Needs for Wildlife Through Forest and Agricultural Management. Fact Sheet
24. Clemson University, Extension Forestry and Natural Resources.
http://www.clemson.edu/extension/natural resources/wildlife/publications/fs24 providing habitat ne
eds.html (accessed 17 Dec., 20140



http://bna.birds.cornell.edu/bna/species/367doi:10.2173/bna.367
http://bna.birds.cornell.edu/bna/species/239doi:10.2173/bna.239
http://bna.birds.cornell.edu/bna/species/662
http://www.clemson.edu/extension/natural_resources/wildlife/publications/fs24_providing_habitat_needs.html
http://www.clemson.edu/extension/natural_resources/wildlife/publications/fs24_providing_habitat_needs.html

